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INTRODUCTION 
Phenolic compounds are known to occur widely in plants 
and to play a variety of roles. Many phenolics are known 
to function as disease resistance factors, and as such can 
often be found either preformed in plants, or formed as the 
result of an infection by an invading pathogen. 
The activity of phenol-oxidizing enzymes (polyphenol- 
oxidases) is known to increase in plant tissues infected 
with viruses and other pathogens as compared to non-infected 
tissues. This increase in oxidative activity in infected 
cells, with concomitant oxidation of phenols to quinones, 
is thought to play an important role in the hypersensitive 
response of some plants to infection by certain viruses. 
It is believed that the resultant collapse and death of the 
infected cells results in a localization of the virus, and 
prevents the further spread of the infection to other parts 
of the plant. 
The effect of oxidized phenolic compounds on the in- 
fectivity of whole viruses in vitro has been studied by a 
number of investigators. It is now known that certain 
phenolics, when oxidized, are able to destroy the infectivity 
of plant viruses. The nature of the mechanism of inactivation 
is unclear. It has been suggested that the inactivation may 
be due to a *'tanning" of the protein coat of the viruses, 
or may be the result of deleterious effects of the quinones 
on the viral ribonucleic acid. 
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This research was undertaken with the objective of 
determining whether or not oxidized phenolic compounds, 
of the kinds that are commonly found in plants, have any 
effect on the infectivity of infectious ribonucleic acid 
isolated from a plant virus known to elicit a hypersensitive 
response on certain hosts, and thus to shed some light on 
possible mechanisms of virus inactivation by auinones. 
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LITERATURE REVIEW 
Phenolic compounds, present mainly in the vacuoles 
of plant cells, are known to possess great reactivity when 
oxidized (Anderson, 1968; Mason, 1955). The oxidation 
of phenolic compounds can occur whenever cells are dis¬ 
rupted and polyphenoloxidases come in contact with the 
reduced phenols (Anderson, 1968). Oxidized phenols 
(quinones) have high oxidation potentials and are able to 
participate in oxidation-reduction and addition reactions 
(Mason, 1955). 
The hypersensitive necrotic reaction has been called 
the most important defense mechanism of plant tissues evoked 
by the attack of special strains of obligate parasites 
(Farkas, et al,, i960). When infected by certain viruses, 
many plants form necrotic areas, called local lesions. 
The mechanism of this hypersensitive response is not com¬ 
pletely understood, but appears to be the result of a com¬ 
plex series of biochemical events (Weintraub and Ragetli, 
1964). When local lesions form as a result of infection 
of Nicotiana glutinosa by tobacco mosaic virus (TMV), the 
activity of polyphenoloxidases and peroxidases increases 
(Farkas, et al., i960; John and Weintraub, 1967; Solyraosy, 
et al., 1959). In systemic infections there may or may not 
be an increase in the activities of these enzymes, but if 
there is an increase it is never as great as in local 
lesion-inducing infections (Farkas, et al., i960). It has 
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been postulated that the formation of virus-induced local 
lesions in plant tissues is the result of an imbalance 
in the oxidizing and reducing systems of the infected 
cells which results in the accumulation of toxic poly¬ 
phenol oxidation products (Solymosy, et al., 1959). John 
and Weintraub (1967) reported that only when N. glutinosa 
leaves were infected with TMV and were forming local lesions 
was tyrosine a substrate for phenolases of the leaf tissue. 
Healthy leaves contained polyphenoloxidases which could 
oxidize chlorogenic acid, catechol, and L-B-3i4-dihydroxy- 
phenylalanine but not tyrosine. It was suggested that 
the darkening of tissues in vivo was probably the result of 
the oxidation of tyrosine or tyrosine-like compounds. 
It has been shown that the enhanced polyphenoloxidase 
activity which occurs in plant infections by viruses is 
one of the causes of cellular breakdown and tissue necrosis 
accompanying the local lesion response (Solymosy, et al., 
1959), The quinones formed as a result of the oxidation 
of phenols by polyphenoloxidases are powerful inhibitors of 
plant enzymes (Anderson, 19681 Mason, 1955). vanKammen and 
Brouwer (1964) suggested that quinones are directly respon¬ 
sible for the local lesion necrotic response of N. glutinosa 
leaves infected with TMV. 
Much work has been done on the in vitro effects of 
oxidized phenolic compounds on the infectivity of viruses. 
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Hampton and Fulton (1961) found that commercial polyphenol- 
oxidase rapidly inactivated clarified plant extracts of 
prune dwarf virus (PDV). If tyrosine, a substrate for the 
enzyme, was added, infectivity was reduced even faster. 
PDV and sour cherry necrotic ringspot virus (NRSV) were 
inactivated if L-B-3,4-dihydroxyphenylalanine (L-DOPA) 
was added to crude extracts of the virus-infected tissues, 
and the inactivation increased as the duration of contact 
increased. Melanin (2 X 10~3m) inactivated NRSV but had 
no effect on PDV. It was also shown that o-benzoquinone, 
which is produced upon oxidation of catechol, inhibited 
the infectivity of both PDV and NRSV, and furthermore, 
that the inhibition was due to the effect of the quinone 
on the viruses and not on the host plants. The infective 
and the quinone-inactivated viruses showed no differences 
in serological properties and, upon examination under the 
electron microscope, they showed no differences in particle 
morphology. When the inactivated viruses were subjected 
to ultracentrifugation, however, the virus pellets were 
highly colored, indicating binding of quinone to the virus. 
Cheo and Lindner (1964) inactivated tobacco mosaic 
virus (TMV) with tannic acid, the latter being described 
as a glucose skeleton acylated with gallic acid. 
Mink (1965) showed that when Tulare apple mosaic virus 
(TAMV) was exposed to chlorogenic acid and tyrosinase, the 
virus was rapidly inactivated. The rate of inactivation 
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paralleled the rate of formation of the o-auinone. The 
amount of inactivation was proportional to the concentration 
of chlorogenic acid, the activity of the enzyme, and the length 
of time the virus was exposed to oxidation. Catechol had no 
effect on TAMV, while o-benzoquinone caused total inactivation, 
Tetrasubstituted o-quinones also caused total inactivation 
which suggested that oxidation-reduction reactions were dir¬ 
ectly involved. It was shown that there were few or no 
changes in the ultraviolet absorption spectrum or the sero¬ 
logical properties of the virus at virus: quinone ratios suf¬ 
ficient to cause total inactivation of TAMV. Mink, et al., 
(1966), demonstrated that partially substituted o-quinones 
were less effective than tetrachloro-o-benzoquinone (TCQ) in 
inactivating TAMV. TCQ, unlike the partially substituted 
quinones, was unable to participate in addition reactions with 
the virus. TAMV treated with silver oxide, an oxidizing agent, 
retained some infectivity but showed changes in spectrophoto- 
metric and serological properties. In contrast, TAMV exposed 
to TCQ could be completely inactivated without detectable 
changes occurring in these properties of the virus. 
Saksena and Mink (1970) showed that alfalfa mosaic 
virus (AMV) was inactivated completely by oxidized catechol 
in less than ten minutes, but it was not inactivated by either 
oxidized DOPA or chlorogenic acid. Both potato virus X (PVX) 
and scwbane mosaic virus (SMV) were partially inactivated by 
oxidized catechol, but were not affected by oxidized 
chlorogenic acid. SMV was partially inactivated 
7 
by oxidized DOPA, but PVX was not. TMV was not affected 
by oxidized DOPA, chlorogenic acid, or catechol. This 
work suggested that sensitivity to oxidized phenols depended 
both upon the virus and upon the phenol tested. 
Mink and Saksena (1971) showed that alfalfa mosaic 
virus (AMY), peanut stunt virus (PSV), potato virus X 
(PVX), sowbane mosaic virus (SMV), tobacco mosaic virus 
(TMY), and tobacco ringspot virus (TRSV) could all be 
inactivated by tetrachloro-o-benzoquinone. However, the 
amount of quinone required to inactivate the viruses varied. 
AMV and PSV were the most sensitive to inactivation by TCQ, 
while TMV required much higher concentrations of TCQ before 
inactivation occurred. Changes in pellet color, absorbance 
at 260 nm, ultraviolet absorption spectrum, serological 
properties, infectivity, and the number of zones detectable 
by sucrose density gradient centrifugation were brought about 
by exposing the viruses to varying concentrations of TCQ. 
Investigations of the effects of phenolic compounds 
on viral ribonucleic acid (RNA) have been less numerous 
than those concerning the effects of phenolics on whole virus 
particles. Cheo and Lindner (1964) showed that tobacco 
mosaic virus-RNA (TMV-RNA) was much more readily inactivated 
by tannic acid than was intact TMV, Both TMV and TMV-RNA 
when inactivated by tannic acid showed a shift of the max¬ 
imum in the absorption spectrum toward longer wavelengths. 
It was suggested that the shift was due to the presence of 
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tannic acid as a complex with TMV or TMV-RNA. Tannic acid 
was shown to react with uridylic and guanylic acids, both 
of which are present in RNA. It was noted that solutions 
of tannic acid alone or of tannic acid plus TMV protein 
turned brown slower than did mixtures of tannic acid plus 
whole TMV or TMV-RNA, the color being most intense with 
TMV-RNA. It appeared, therefore, that the RNA core was 
responsible for the reaction with TMV. It was suggested 
that tannic acid could possibly inactivate TMV in vivo 
either by reacting with the protein coat or by reacting 
with the RNA core. 
Mink (1965) suggested that the RNA of TAMV might have 
been involved in the quinone inactivation of the virus, 
Saksena and Mink (1970) could not determine whether the 
inactivation of three viruses by o-quinones was the result 
of reactions between the o-quinones and viral RNA or from a 
"tanning" of the viral protein coat. If the inactivation 
was the result of reaction of the quinones with the viral 
RNA, it was suggested that the observed differential sus¬ 
ceptibility of these viruses to the quinones tested was 
possibly due to differential permeability of the virus 
proteins to the quinones. 
Mink and Saksena (1971) could extract little RNA from 
quinone-inactivated alfalfa mosaic virus. Infectious RNA 
extracted from untreated peanut stunt virus (PSV) did not 
undergo any loss of infectivity when exposed to concentrations 
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of TCQ well in excess of those capable of inactivating 
whole PSV. 
Mink and Diener (1971) found that southern bean mosaic 
virus (SBMV) remained infectious and intact when exposed 
to concentrations of TCQ sufficient to inactivate all other 
viruses tested. However, SBMV-RNA was completely inact¬ 
ivated at approximately the same TCQ concentrations required 
to inactivate tobacco ringspot virus (TRSV), potato virus 
X (PVX) and tobacco mosaic virus (TMV). Inactivation of 
SBMV-RNA was accompanied by a broadening of the ultraviolet 
absorption peak at 254 nm, but there was no evidence of dis¬ 
ruption of phosphodiester bonds. It was suggested that the 
inactivation of TRSV, PVX, and TMV by TCQ could have been 
the result of capsid disruption with the resultant exposure 
and inactivation of the RNA, 
Milo and Santilli (1967) reported that there was no 
deleterious effect on the infectivity of TMV-RNA in the 
presence of chlorogenic acid being oxidized in vitro. 
Kuhn in 1964 described and characterized a virus that 
produces a brilliant yellow mottle in cowpeas (Vigna sp.) 
and he named it cowpea chlorotic mottle virus (CCMV). CCMV 
is spherical, with a diameter of approximately 32 nm, is 
thermally inactivated between 65°C and 70°C, has a dilution 
end point between 10*"^ and 10“5f and loses infectivity in 
vitro between one and two days. The virus produces brown 
local lesions, 0.2-0.4 mm in diameter, on soybean, Glycine 
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max (L), 24-48 hours after inoculation. 
CCMV can be purified from infected cowpea leaves by 
extracting with chloroform and n-butanolf ultracentrifugation, 
and density gradient zonal centrifugation. The nucleic 
acid of the virus can be isolated by treatment of the pur¬ 
ified virus with bentonite, sodium lauryl sulfate, and water- 
saturated phenol, 
Bancroft, et al., (1968), determined that CCMV con¬ 
tains 24# ribonucleic acid, has a sedimentation coefficient 
of 88.3S, and an isoelectric point of 3.65. The percent 
molar base ratio of CCMV-RNA was determined to be cytosine 1 
adenine 1 guanine:uracil = 20.3«25.3*26.4i28.2. The molecular 
weight of CCMV-RNA was determined to be 1.1 X 1C)6, and it 
was concluded that each CCMV particle contains about 3400 
nucleotides. The specific infactivity of the isolated RNA 
is very high, averaging 46# that of the intact virus. 
The availability of a most suitable combination of 
hosts for propagation and assay of CCMV, the relative ease 
of its purification and effective separation of the CCMV-RNA 
from its protein, and primarily the high specific infectivity 
of its isolated RNA, have made CCMV an attractive virus to 
work with and numerous aspects of its structure and activity 
have been studied. 
In the present study, an attempt has been made to as¬ 
certain the effects, if any, of certain phenolics and their 
oxidation products on the infectivity of CCMV-RNA, 
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MATERIALS AND METHODS 
THE VIRUS 
The culture of the cowpea chlorotic mottle virus isolate 
used in this investigation was kindly supplied by Dr. C.W. 
Kuhn of the Plant Pathology Department, Georgia Experiment 
Station, Experiment, Georgia. 
Maintenance 
Cowpea chlorotic mottle virus (CCMV) was main¬ 
tained in cowpea, Vigna sinensis (Torner) Savi, variety 
Early Ramshorn. Cowpea seeds were treated with Captan and 
planted in a soil mixture consisting of one part each of 
loam, sand, and peat moss. Inoculum was prepared by grinding 
in a Waring blendor about 10-12 cowpea leaves showing 
chlorotic mottle symptoms in 50 i&l of cold 0.1 M, pH 5.0» 
sodium acetate buffer which contained 0.01 M sodium diethyl- 
dithiocarbamate (NaDIECA) and 0.01 M cysteine hydrochloride. 
The homogenate was strained through eight layers of cheese¬ 
cloth and collected in a beaker which was held at 0°C in 
an ice bucket. A glass rod was dipped into this solution 
and rubbed on newly expanded primary leaves of greenhouse- 
grown cowpeas which had been previously dusted with 600-mesh 
carborundum. The time of symptom appearance varied with en¬ 
vironmental conditions, but usually occurred on the tnfoliolate 
leaves about two weeks after inoculation. 
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Purification 
The purification of CCMV from infected cowpea 
leaves was carried out according to the method of Gay and 
Kuhn (1968), with minor modifications. Infected leaves 
were homogenized in a Waring blendor with cold 2.0 M, pH 
5.0, sodium acetate buffer which contained 0.01 M NaDIECA 
and 0,01 M cysteine hydrochloride, ice cold chloroform, 
and ice cold n-butanol (1.0 ml of each per gram of tissue). 
Tissue was ground in lots of 100 grams each for a period of 
three minutes (one min at low speed, then two min at high 
speed). All grinding was done in a cold room maintained at 
4°C. The homogenate was strained through 16 layers of 
cheesecloth. The preparation was centrifuged at 1,600 g 
for 10 min in a Sorvall RC2-B refrigerated centrifuge. The 
aqueous supernatant was then centrifuged for 10 min at 
25,000 g, the pellets were discarded, and the amber-colored 
supernatant liquid was packed in ice and left overnight. 
The following morning the liquid was centrifuged at 4°C for 
one hour at 98,000 g in a Beckman L2-65B preparative ultra- 
centrifuge, Pellets were suspended in 3 ®1 of 0.1 M, pH 5.0t 
acetate buffer which contained 0.01 M MgCl2 (Dawson and Kuhn, 
1972) and were ground in a glass homogenizer. The homogenate 
was then centrifuged for 10 min at 20,000 g. Pellets were 
discarded and the supernatant was centrifuged for one hour 
at 138,000 g. Pellets were again suspended and ground in 
0.1M pH 5.0 acetate buffer containing 0.01 M MgCl2. After 
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centrifugation for 10 min at 20,000 g, the clear supernatant 
liquid was centrifuged at 138,000 g. Pellets were ground in 
0.01 M pH 5.0 acetate buffer containing 0,01 M MgCl2 and the 
preparation was centrifuged for 10 min at 20,000 g. The 
quantity of virus in the supernatant was determined using 
a Beckman DB-G grating spectrophotometer set at 260 nm. An 
optical density of 6.0 corresponded to a virus concentration 
of 1.0 mg/ml (Dawson and Kuhn, 1972). After quantification, 
the virus solution was stored overnight at 4°c. 
RNA ISOLATION AND PURIFICATION 
CCMV-RNA was isolated from the virus and purified by 
a modification of the method of Bancroft et al., (1968). All 
glassware used for the RNA isolation was hand washed and 
rinsed with distilled water until scrupulously clean to 
avoid the possibility of contamination by nucleases (Bock- 
stabler and Kaesbeig , 1965). One ml of bentonite (Fraenkel- 
Conrat et al, 1961), one ml of sodium lauryl sulfate (20mg/ml) 
and five mi of 77*5% phenol (water-saturated phenol) were 
added to 1 ml of CCMV at 10-20 mg/ml. The solution was 
stirred for 10 min in an ice bucket and then centrifuged 
at 12,000g for 10 min in a Sorvall RC2-B, SM-24 rotor. The 
aqueous layer was carefully removed with a Pasteur pipet 
and transferred to an Erlenmeyer flask in an ice bucket, care 
being taken to avoid contamination of the supernatant 
liquid with the denatured virus coat protein which accumul- 
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ated at the phenol-buffer interface. The RNA solution 
was treated with phenol two more times, each time using 
only half of the original volume of phenol and omitting the 
bentonite and the detergent. The RNA was then extracted 
three times with equal volumes of cold peroxide-free ethyl 
ether to remove phenol. Ether extractions were carried out 
in a cold room at 4°C using a 125 ml separatory funnel. 
After the ether extractions, nitrogen gas was bubbled through 
the phenol-free solution for about 15 min to remove traces 
of ethyl ether. The RNA was then precipitated out of sol¬ 
ution by the addition of 2,5 volumes of ice cold 100# ethanol 
which contained one drop of 2.0 M pH 5.0 sodium acetate 
buffer per ml of solution. The RNA was left in the freezer 
(-20°c) for one hour to precipitate. After precipitation 
was complete, the glass-clear, viscous solution was centri¬ 
fuged for 10 min at 12,000g in a Sorvall RC2-B, SM-24 rotor, 
to pellet the RNA. The supernatant liquid was poured off 
and the RNA pellets were taken up in 0,01 M tris buffer 
pH 7.4 which contained 0,01 M KC1 and 0.0001 M MgClg (TKM), 
The RNA solution was then centrifuged for one hour at 135»000g 
in a Beckman L2-65B, type 65 rotor to remove bentonite. 
The RNA-containing supernatant liquid was decanted and quan¬ 
titated at 260 nm in a Beckman DB-G grating spectrophotometer. 
An optical density of 24 corresponded to an RNA concentration 
of 1.0 mg/ml (Mink and Saksena, 1971). The RNA was then trans 
ferred to glass vials and frozen at -20°C until use. 
15 
ASSAY PROCEDURE 
Infectivity assays were made by the half-leaf method 
on the newly expanded primary leaves of the hypersensitive 
host soybean, Glycine max (L.), variety Karasoy. Soybean 
seeds were treated with Captan and planted in a soil mixture 
of one part each of loam, sand and peat moss. After ap¬ 
proximately 12 days of growth in a greenhouse, when the 
primary leaves were ready for inoculation, all non-uniform 
plants were discarded and the remaining plants were dusted 
with 600-mesh carborundum and transferred to a dark chamber 
for at least 24 hours prior to inoculation to increase 
susceptibility (Bawden and Roberts, 1947). All inoculations 
were made in the afternoon. Half leaves were inoculated by 
rubbing with a glass rod which had been previously dipped 
in a solution of inoculum. The tip of the rod was bent 
to form a 90° angle so that one stroke of the bent tip 
inoculated an 8 mm wide path over the length of each half¬ 
leaf. Each half-leaf was rubbed with the glass rod only 
one time. During the inoculations the leaf was supported 
with a rectangular piece of foam rubber. Immediately after 
inoculation the plants were transferred to a growth chamber 
maintained at 2?°C with a 16 hour photoperiod. Local lesions 
could often be seen as early as 24 hours after inoculation 
and were counted two days after inoculation with a dissect¬ 
ing microscope set at 1CX. 
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SPECTROPHOTOMETRIC STUDIES 
All spectrophotometric procedures were carried out in 
a Beckman DB-G grating spectrophotometer. The ultraviolet 
absorption spectrum of infectious CCMV-RNA was determined 
using a solution of RNA with a concentration of 0.027 mg/ml. 
The reference cell contained 2.0 ml of TKM while the sample 
cell contained 2.0 ml of the RNA solution. 
Tests of polyphenoloxidase (PPO) activity were carried 
out using catechol, L-DOPA and chlorogenic acid as substrates. 
Heating was necessary to dissolve chlorogenic acid and L- 
DOPA in TKM. Catechol was readily soluble in TKM. Poly¬ 
phenoloxidase (tyrosinase) was obtained from Sigma Chemical 
Company. The enzyme was dissolved in TKM and used for all 
experiments at a concentration of 0.2 mg/ml. The reference 
cell contained 2.0 ml of TKM, while the sample cell contained 
2.0 ml of the phenolic substrate at a concentration of 2.5 X 
10-3^, At zero time 0.5 nil of enzyme was added to each cell 
and the increase in absorbance with time was recorded. For 
catechol and chlorogenic acid the spectrophotometer was set 
at 390 nm, while for L-DOPA the instrument was set at 470 nm 
(Mink and Saksena, 1970). 
INACTIVATION ASSAYS 
Effect of temperature 
The initial studies on the effects of oxidized 
phenolics on the infectivity of CCMV-RNA were carried out 
for 15 min at different temperatures. The temperatures used 
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were 0°C, 23^0, and 35°C. The 23°C and 35°C temperatures 
were maintained by a constant temperature water bath, while 
experiments at OOC were conducted using an ice bucket filled 
with crushed ice to maintain the 0° temperature. The RNA for 
each experiment was thawed, diluted with TKM, and kept at 
0°C in an ice bucket until used, Polyphenoloxidase (0.2 
mg/ml in TKM) and the phenolic compounds (5 X 10-3 m in TKM) 
were prepared fresh before each experiment. All solutions 
were allowed a temperature equilibration period in the water 
bath or ice bucket of at least five minutes, except for the 
RNA which was always kept at 0°C until used. At zero time, 
0.5 nil of RNA, 0.25 ml of PP0, and 0.25 ml of the appro¬ 
priate phenolic compound were added, in that order, to a clean 
glass vial in the water bath and mixed. After 3 min, 0.5 ml 
of RNA was added to 0,5 ml of TKM, in a second vial. Three 
minutes later, 0,25 ml of TKM, 0.25 ml of the phenolic sol¬ 
ution, and 0,5 ml of RNA were added, in that order, to a third 
vial. Nine minutes after the first vial was prepared, 0.5 ml 
of RNA was added to a fourth vial containing 0.25 ml of TKM 
and 0,25 ml of PP0, Fifteen minutes after the preparation of 
the first vial, its contents were inoculated on the half-leaves 
of four soybean plants (a total of eight half-leaves). After 
3 minutes, the opposite leaves of the four plants previously 
inoculated with the contents of the first vial were inoculated 
with the contents of the second (buffer control) vial. Three 
minutes later the solution in the third vial was inoculated 
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on the half leaves of four uninoculated soybean plants. The 
opposite leaves were then inoculated, three minutes later, 
with the contents of the fourth vial. In this manner, the 
preparation of each vial was inoculated 15 minutes after the 
actual mixing of its contents. The inoculation procedure 
took about 90 seconds, so that the time of inoculation of the 
vial contents actually occured between 15 and 16,5 minutes 
after the initial mixing of the vial contents. The glass rod 
used for the inoculations was always rinsed thoroughly with 
distilled water when changing from one vial to the next. In 
the 35°C experiments, each vial during handling was placed in 
a small beaker filled with water at 35°C. For the 0°c ex¬ 
periments each vial, when removed from the ice bucket, was 
placed in a small beaker filled with crushed ice so that no 
increase in temperature would occur during the inoculation 
procedure. 
Time course assays 
Time course assays were carried out in a constant temp¬ 
erature water bath set at 23°C. Inoculations were conducted 
at 0, 30» and 60 minutes. For the zero time inoculations 
four different treatments were compared. These werei 
(a) 0.5 ml RNA + 0.25 ml PP0 (0.2 mg/ml) + 0.25 ml 
phenolic (oxidized phenolic treatment) 
(b) 0.5 ml RNA + 0.5 ml buffer 
(c) 0.5 ml RNA + 0.25 ml phenolic + 0.25 ml buffer 
(d) 0.5 ml RNA + 0.25 ml PP0 + 0.25 ml buffer 
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Treatments (b), (c), and (d) were each inoculated on 
the eight half-leaves of two soybean plants immediately 
after mixing. The oxidation in treatment (a) was allowed 
to proceed for exactly two minutes, after which inoculations 
were carried out in the same manner as for (b), (c), and (d). 
The 30 min and 60 min treatments were set up in the same 
manner as for zero time but inoculations did not begin 
until 30 min and 60 min, respectively, from the moment of 
mixing of the components of each treatment. 
Tests on nature of inactivating factor 
Tests were run to determine the nature of an inacti¬ 
vating factor present in the active polyphenoloxidase pre¬ 
paration. Six treatments were compared. These were* 
(a) 0.5 ini RNA + 0,5 ml buffer 
(b) 0.5 ml RNA + 0.25 ml active PPO + 0.25 ml buffer 
(c) 0.5 ml RNA + 0*25 ml boiled PPO + 0.25 ml buffer 
(d) 0.5 ml RNA + 0.25 ml bovine serum albumin (BSA) 
+ 0.25 ml buffer 
(e) 0.5 ml RNA + 0.25 ml boiled BSA + 0.25 ml buffer 
(f) 0,5 ml RNA + 0.25 ml bentonite-treated PPO + 
0,25 ml buffer 
All boiling was done for 15 minutes. PPO and BSA were 
used at a concentration of 0.2 mg/ml. Bentonite-treated 
PPO was prepared by adding 1.0 ml of bentonite (Fraenkel- 
Conrat et al, 1961) to 9.0ml of polyphenoloxidase to give 
a final concentration of PPO of 0.2 mg/ml. The mixture was 
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stirred for 10 min at 0°C in an ice bucket. It was then 
subjected to ultracentrifugation at 4oc for one hour at 
135*000 g to remove the bentonite, and the supernatant liquid 
was tested for activity using catechol (2.5 X 10“3m) as a 
substrate. 
The preparations for the six treatments were suc¬ 
cessively prepared three minutes apart. All solutions 
(except the RNA) were kept at a constant temperature of 
23°C (the RNA was kept ice cold until used). Inoculations 
took place 20 min after the preparation of vial (a) and 
were successively spaced three minutes apart. 
Test for ribonuclease 
Since the commercial polyphenoloxidase was suspected 
of containing ribonuclease (RNase) as a contaminant, a test 
was run to determine whether or not a solution containing 
RNA and polyphenoloxidase would cause the release of acid- 
soluble nucleotides. Four treatments were compared. These 
were* 
(a) 1.0 ml RNA +. 0. 5 TKM + 0. 5 ml PP0 + 3.0 ml 10# 
trichloracetic acid (TCA) 
(b) 1.0 ml RNA + 0.5 ml TKM + 3.0 ml 10# TCA +0.5 
ml PP0 
(c) 1.0 ml RNA + 0.5 ml TKM + 0.5 ml RNase + 3.0 
ml 10# TCA 
(d) 1.0 ml RNA + 0.5 ml TKM + 3.0 ml 10# TCA +0.5 
ml RNase 
21 
PPO and RNase (Sigma) were used at a concentration of 
0.2 mg/ml. The optical density of the RNA was 2.0 before 
addition to the reaction mixtures. Treatments (b) and (d) 
were controls, in that the enzyme (either PPO or RNase) 
was added after the addition of TCA and was thus rendered 
inactive. TCA was not added until after an incubation 
period of 12 hours at 23°C. After the addition of the TCA, 
precipitation was allowed to proceed for 5 hours at 4oc. 
The solutions were then centrifuged for 30 min at 20,000 g 
in a Sorvall, SM-24 rotor. The supernatants were quan¬ 
titated at 260 nm in a Beckman DB-G spectrophotometer. The 
reference cells contained the supernatants from the control 
tubes. 
Alternative enzyme systems 
Two oxidative enzyme systems and one hydrolytic 
enzyme system were studied for possible effects on the in- 
fectivity of CCMV-RNA. The enzymes used were glucose ox¬ 
idase, galactose oxidase, and trypsin. The substrates used 
for these enzymes were, respectively, glucose, galactose, 
and bovine serum albumin (BSA). In the glucose-glucose ox¬ 
idase system six treatments were compared. These were* 
(a) 0.5 ml RNA + 1.5 ml buffer (TKM) 
(b) 0.5 ml RNA + 1.0 ml buffer + 0.5 ml glucose 
(c) 0.5 ml RNA + 1.0 ml buffer + 0.5 ml glucose 
oxidase 
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(d) 0.5 ml RNA + 0.5 ml buffer + 0,5 ml glucose + 
0.5 ml glucose oxidase 
(e) 0.5 ml RNA + 0.5 ml catalase + 0.5 ml glucose 
+ 0.5 ml glucose oxidase 
(f) 0.5 ml RNA + 1.0 ml buffer + 0.5 ml catalase 
Glucose oxidase was used at a concentration of 0.2 
mg/ral. Glucose was used at a concentration of 5 X 10”3 m. 
Assuming complete oxidation of the glucose, the maximum 
possible concentration of H2O2 produced would be 1.25 X 
10“3 jn an effort to avoid possible deleterious effects 
of H202 on the RNA, catalase, an enzyme which selectively 
destroys H2O2, was employed. Accordingly, it was found 
that 0.5 ml of a 1/10 dilution of a commercial catalase 
preparation (Worthington) would cause the complete break¬ 
down of a 1.25 X 10-3 m solution of H202 in seconds (Beers 
and Sizer, 1952). In this test the decrease in absorbance 
at 240 nm of a 1.25 X 10"^ M solution of H202 was followed. 
The preparations for the six treatments, (a) through 
(f), were successively prepared three minutes apart. Each 
preparation was incubated for 20 min at 2J°C oefore inocul¬ 
ation. Inoculations were spaced three minutes apart. 
The galactose-galactose oxidase experiment followed 
exactly the same format as that used for the glucose-glucose 
oxidase experiment except, of course, that galactose and 
galactose oxidase were substituted for glucose and glucose 
oxidase, respectively. 
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In the trypsin-BSA experiment four treatments were 
compared. These werei 
(a) 0.5 ml RNA + 0.25 ml trypsin + 0.25 ml BSA 
(b) 0.5 ml RNA + 0.5 ml TKM 
(c) 0.5 ml RNA + 0.25 ml TKM + 0.25 ml BSA 
(d) 0.5 ml RNA + 0.25 ml TKM + 0.25 ml trypsin 
Trypsin was used at a concentration of 0.2 mg/ml. 
The concentration of the BSA used was 1.0 mg/ml. The four 
treatments were successively prepared three minutes apart. 
Each preparation was incubated for 15 min at 23°C before 
inoculation. 
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RESULTS 
SPECTROPHOTOMETRIC STUDIES 
Typical for the RNA of plant viruses, CCMV-RNA had 
an ultraviolet absorption peak at 260 nm and a 260:280 ratio 
of 2.22 (Fig. 1). 
Chlorogenic acid was gradually oxidized by PPO until 
it reached a plateau in about 2 min and JO sec (Fig. 2). 
The rate of oxidation of chlorogenic acid was relatively 
slow when compared to that of catechol and DOPA (Fig. 3). 
Catechol was oxidized in about 20 seconds, after which a 
precipitate appeared in the solution and the optical density 
began to decline. DOPA was oxidized within about one min 
and 30 sec from the addition of the enzyme, 
A scan of the reaction mixtures of enzymatically 
oxidized chlorogenic acid and catechol showed no definite 
absorption peaks (Fig. 4). What appeared to be end absorp¬ 
tion was manifested by the oxidized chlorogenic acid sol¬ 
ution at about 380 nm, while the same was true for the 
oxidized catechol solution at about 320 nm. Oxidized DOPA 
showed a broad absorption peak in the range 470-480 nm 
(Fig. 5). 
INACTIVATION ASSAYS 
The main assay of inactivation of CCMV-RNA by oxidized 
phenolics and the appropriate controls was carried out at room 
temperature (23°C) and the inoculations were made 15 minutes 
after the components in each preparation were mixed. 
Figure 1. Ultraviolet absorption spectrum of infectious 
CCMV-RNA (0.027 mg/ml). 
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Figure 2. Increase in optical density of a solution 
of chlorogenic acid (2.5 X 10~3 jj) indicating 
the progress of its oxidation upon exposure 
to polyphenoloxidase. 
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Figure 3. Changes in optical density of solutions of 
L-DOPA (2.5 X 10-3 m) and catechol (2.5 X 
10-3 M) indicating the progress of their 
oxidation upon exposure to polyphenoloxidase. 
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Figure 4. Absorption spectra of enzymatically oxidized 
chlorogenic acid (2.5 X 10-3 m) and catechol 
(2.5 X 10-3 m). 
Figure 5. Absorption spectrum of enzymatically oxidized 
L-DOPA (2.5 X 10-3 M). 
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At 23°C, oxidized DOPA caused a greater decrease in 
infectivity (69.2$) than either unoxidized DOPA or PPO 
(Table 1 and Fig. 6). The PPO treatment showed considerable 
(48.4$) loss in infectivity as compared to the control. 
Unoxidized DOPA showed only a slight decrease in infectivity 
(1W. 
Infectivity was almost completely lost (99.6$) when 
CCMV-RNA was exposed to oxidized chlorogenic acid at 23°C 
(Table 2 and Fig. 6). Unoxidized chlorogenic acid decreased 
the infectivity by about 20$ and PPO decreased the infectivity 
by more than 30#. 
The infectivity of CCMV-RNA was very low when exposed 
to either oxidized catechol (78.2$ decrease) or unoxidized 
catechol (6l.5$ decrease) at 23°C (Table 3 and Fig. 6). The 
PPO treatment decreased the infectivity by 40$. 
In all three experiments at 23°C* the oxidized phenolic 
compound always caused a significantly greater loss in in¬ 
fectivity than either the unoxidized phenolic or the PPO 
treatment. 
Inactivation assays at different temperatures 
The losses in infectivity suffered by the RNA at 
0°C (Fig. 7) were much smaller than the losses at 23°C (Fig. 
6) or at 35°C (Fig. 8). At OOC, the average infectivity 
of RNA treated with either unoxidized DOPA or PPO was 
actually higher than the buffer control (Table 4 and Fig. 7). 
The oxidized phenolic in this case caused only a slight 
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Figure 6. Infectivity changes in CCMV-RNA exposed for 
15 min at 23°C to three phenolics, their 
oxidation products, and polyphenoloxidase. 
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decrease in the infectivity (16.4#), 
Of all treatments at 0°C, the oxidized chlorogenic 
acid treatment caused the greatest decrease (39.9$) in 
the infectivity of RNA (Table 5 and Fig. ?), The PPO 
treatment had no effect, and there was only a slight de¬ 
crease in the infectivity (15.6#) caused by unoxidized 
chlorogenic acid. 
Oxidized catechol, unoxidized catechol, and PPO 
caused almost identical reductions in infectivity of the RNA 
at 0°C (Table 6 and Fig. 7). The losses, however, were not 
great, and averaged less than 20# of the infectivity of the 
buffer control, 
RNA infectivity was reduced the most when the 15 min 
exposure of the RNA to the three oxidized phenolics and the 
appropriate controls was made at 35°C. No treatment aver¬ 
aged more than 55# of the infectivity of the buffer control 
(Fig. 8). In addition, all three oxidized phenolics and 
unoxidized catechol caused an almost complete loss in the 
infectivity of RNA. 
Oxidized DOPA caused almost 100# loss in infectivity 
of RNA (Table 7 and Fig. 8). The PPO and unoxidized DOPA 
treatments also reduced infectivity drastically, causing a 
reduction in infectivity of 57.4#and 59.1$» respectively. 
At 35°C, oxidized chlorogenic acid had the most de¬ 
vastating effect on the infectivity of the RNA of all treat¬ 
ments, including those at 23°C and 0°C (Table 8 and Fig. 8). 
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Figure 7. Infectivity changes in CCMV-RNA exposed for 
15 min at 0°C to three phenolics, their ox¬ 
idation products, and polyphenoloxidase. 
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, In six replications, which included inoculations on 48 
half-leaves, only one local lesion was detected. Again, 
the unoxidized chlorogenic acid treatment and the PPO 
treatment were similar, causing an almost 50$ reduction in 
infectivity. 
Surprisingly, catechol caused a slightly greater 
loss in infectivity (95.9$) at 35°C than did oxidized 
catechol (92.9$) (Table 9 and Fig. 8). The losses from 
both treatments, however, were similar and were much greater 
than that caused by the PPO treatment which, as in previous 
experiments, caused loss of more than 50$ of infectivity. 
A comparison of the effects of oxidized DOPA, oxidized 
chlorogenic acid, and oxidized catechol on the infectivity 
of CCMV-RNA at 0°C, 23°G, and 35°C is shown in Figure 9. 
Inactivation at different time intervals 
The infectivity of CCMV-RNA always decreased with 
time, regardless of the treatment. The buffer control 
showed the least decrease in infectivity over the 60 min 
time period, the infectivity being decreased by 11 to 49$ 
at 30 min and by 24 to 68$ at 60 min, while the oxidized 
phenol treatment always showed the greatest loss in infect¬ 
ivity. 
Oxidized DOPA greatly reduced the infectivity of RNA 
in 30 min (96.3$ reduction) and completely inactivated all 
RNA at 60 min (Table 10 and Fig. 10). The losses in 
infectivity caused by unoxidized DOPA and polyphenoloxidase 
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Figure 8. Infectivity changes in CCMV-RNA exposed for 
15 min at 35°C to three phenolics, their 
oxidation products, and polyphenoloxidase. 
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Figure 9. Infectivity changes in CCMV-RNA exposed to 
oxidized DOPA, oxidized catechol, and oxidized 
chlorogenic acid at 0°C, 23°C, and 35°C. 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
52 
D Oxidized DOPA 
• Oxidized Catechol 
O Oxi dized Chlorogenic Acid 
23 
TEMPERATURE (°C) 
35 
53 
TABLE 10 Infectivity changes in CCMV-RNA exposed for 0f 30, 
and 60 min to DOPA, oxidized DOPA, and polyphenol- 
oxidase. Treatments and materials as described in 
Materials and Methods. 
TREATMENT REPLICATION a 0 MIN 
(Control) 
LESIONS 
30 MIN 
LESIONS % Of 
Con¬ 
trol 
60 MIN 
LESIONS 55 of 
Con¬ 
trol 
1 125.8b 69.0 54.8 54.1 43.0 
2 110.5 28.2 25.5 41.5 37.5 
BUFFER 3 220. 1 115.6 52.5 56.6 25.7 
4 164.6 104.5 63.5 46.6 28.3 
Average 155.2 
Average Inhibition 
79.3 51.1 
48.9?? 
49.7 32.0 
68.0# 
1 57.6 4.1 7.1 0.0 0.0 
2 75.3 2.0 2.6 0.0 0.0 
OXIDIZED 3 117.7 5.3 4.5 0.0 0.0 
DOPA 4 177.6 4.3 2.4 0.1 0.0 
Average 107.1 
Average Inhibition 
3.9 3.6 
96.4# 
0.0 0.0 
100# 
1 122.0 39.2 32.1 6.1 5.o 
2 116.5 21.5 18.4 2.1 1.8 
UNOXIDIZED 3 205.2 59.5 29.0 2.1 1.0 
DOPA 4 147.7 44.7 30.3 2.7 1.8 
Average 147,8 
Average Inhibition 
41.2 27.9 
72.155 
3.2 2 2 
97.8# 
1 119.6 28.3 23.7 3.1 2.6 
2 76.2 12.6 16,5 1.0 1.3 
PP0 3 207.5 21.6 10.4 3.2 
4 193.1 45.2 23.4 2.7 1.4 
Average 149.1 
Average mnibition 
26.9 18,0 
82.055 
2.5 1.7 
98.3# 
aThe RNA in replications 1 and 2 was used at a final optical 
density of 0.075. The RNA in replications 3 and 4 was used 
at a final optical density of 0.05. 
^Average number of local lesions per half-leaf. 
54 
Figure 10. Infectivity changes in CCMY-RNA exposed for 
0, 30, and 60 min to DOPA, oxidized DOPA, 
and polyphenoloxidase. Each point represents 
local lesions per half-leaf as computed by 
averaging the number of local lesions per 
eight half-leaves in each of four experiments. 
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0 30 
TIME (minutes) 
60 
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were quite similar, although at 30 min PPO seemed to reduce 
the infectivity of RNA more than unoxidized DOPA. All 
three treatments, oxidized DOPA, unoxidized DOPA, and PPO, 
caused almost total reduction in infectivity at 60 min, 
but the rate at which loss of infectivity occured differed 
between the treatments, being greatest in the oxidized 
DOPA treatment. 
Oxidized chlorogenic acid caused total destruction 
of RNA infectivity in 30 min (Table 11 and Fig. 11). No 
lesions were ever detected at the 30 or 60 min time intervals 
when RNA was treated with oxidized chlorogenic acid. In 
contrast to the previous experiment, in which unoxidized 
DOPA caused almost total inactivation of RNA in 60 min, 
unoxidized chlorogenic acid caused a much less drastic re¬ 
duction in the infectivity of RNA over the 60 min time 
period (36#). The infectivity of RNA treated with the PPO 
preparation fell off rapidly, and approached zero (3.9%) 
in 60 min. 
The results of the catechol-time course experiment 
were similar in many respects to those of the DOPA-time 
course experiment. The infectivity of the unoxidized 
catechol preparation fell off rapidly, almost linearly 
(Table 12 and Fig. 12). The infectivity of the oxidized 
catechol treatment was slight (12.5$) 30 min, and fell 
to nearly zero (0.6$) at 60 min. Again, the losses in 
infectivity caused by the unoxidized phenol and PPO treat- 
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TABLE 11 Infectivity changes in CCMV-RNA exposed for 0, 30t 
and 60 min to chlorogenic acid, oxidized chlorogenic 
acid and polyphenoloxidase. Treatments and materials 
as described in Materials and Methods. 
TREATMENT REPLICATION3- 0 MIN 30 MIN 60 MIN 
(Control) LESIONS % of LESIONS % of 
LESIONS Con- Con¬ 
trol trol 
1 192.lb l60. 6 83.6 95.8 49.9 
2 211.8 180.5 85.2 81.3 38.4 
BUFFER 3 154.5 103.2 66.8 78.0 50.5 
4 77.6 126,1 162.5 82.0 105.7 
Average 159.0 142.6 89.7 79.8 50.2 
Average Inhibition 10. 3# 49.8# 
1 62.7 0.0 0.0 0.0 0.0 
OXIDIZED 2 35.5 0.0 0.0 0.0 0.0 
CHLOROGENIC 3 43.3 0.0 0.0 0.0 0.0 
ACID 4 17.5 0.0 0.0 0.0 0.0 
Average 39.7 0.0 0.0 0.0 0.0 
Average Inhibition 100# 100# 
1 115.8 81.0 69.9 91.1 78.7 
UNOXIDIZED 2 170.0 113.0 66.5 62.8 36.9 
CHLOROGENIC 3 79.6 75.2 94.5 56. 6 71.1 
ACID 4 44.3 87.0 196.4 52.0 117.4 
Average 102.4 89.0 86.9 65.6 64.1 
Average Inhibition 13.1# 35.9# 
1 151.8 43.8 28.8 4.8 3.2 
2 199.3 44.8 22.5 1.0 0.5 
PPO 3 147.3 46,2 31.4 8.6 5.8 
4 101.3 30.5 30. 1 9.3 9.2 
Average 149.9 41.3 27.5 5.9 3.9 
Average Inhibition 72.5# 96.1# 
aThe RNA in replications 1 and 2 was used at a final optical 
density of 0.05. The RNA in replications 3 and 4 was used at 
a final optical density of 0,033. 
^Average number of local lesions per half-leaf. 
Figure 11. Infectivity changes in CCMV-RNA exposed for 
0, 30, and 60 min to chlorogenic acid, oxi¬ 
dized chlorogenic acid, and polyphenoloxidase. 
Each point represents local lesions per half¬ 
leaf as computed by averaging the number of 
local lesions per eight half-leaves in each 
of four experiments. 
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TIME (minutes) 
60 
TABLE 12 Infectivity changes in CCMV-RNA exposed for 0, 30, 
and 60 min to catechol, oxidized catechol, and 
polyphenoloxidase. Treatments and materials as 
described in Materials and Methods. 
TREATMENT REPLICATION3, 0 MIN 30 MIN 60 MIN 
(Control) LESIONS % of LESIONS % of 
LESIONS Con- Con¬ 
trol trol 
1 185.6b 131.8 71.0 134.1 72.2 
2 162.0 • 153.2 94.6 138.6 85.5 
BUFFER 3 93.6 90.7 96.9 53.7 57.4 
4 93.0 74.0 79.6 81.7 87.8 
Average 133.5 112.4 84.2 102.0 76.4 
Average Inhibition 15.895 23.69$ 
1 126.2 12.5 9.9 0.7 0.5 
OXIDIZED 2 113.2 13.8 12.2 1.0 0.9 
CATECHOL 3 65.5 12.5 19.1 0.1 0.1 
4 115.1 14.1 12. 2 1.0 0.9 
Average 105.0 13.2 12.6 0.7 0.7 
Average Inhibition 87.49s 99.39s 
1 150.2 
UNOXIDIZED 2 121.7 
CATECHOL 3 69.0 
4 117.0 
Average 114,5 
Average Inhibition 
1 150.7 
2 162.0 
PPO 3 85.8 
4 111.0 
Average 127.4 
Average Inhibition 
67.3 44.8 1.3 0.9 
61.7 50.7 3.5 2.9 
29.5 42.7 3.8 5.5 
56.1 47.9 2.6 2.2 
53.6 46.8 2.8 2.4 
53.2% 97.69$ 
48.3 32.0 3.2 2.1 
36.5 22.5 1.3 0.8 
30.8 35.9 3.3 3.8 
39.6 35.7 6.1 5.5 
38.8 30.4 3.5 2.7 
69.6$ 97.39$ 
aThe RNA for all four replications was used at a final optical 
density of 0.033. 
^Average number of local lesions per half-leaf. 
Figure 12. Infectivity changes in CCMV-RNA exposed for 
0, 30, and 60 min to catechol, oxidized cat¬ 
echol, and polyphenoloxidase. Each point re¬ 
presents local lesions per half-leaf as com¬ 
puted by averaging the number of local lesions 
per eight half-leaves in each of four experi¬ 
ments. 
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T I ME (minutes) 
merits were quite similar over the course of the experiment. 
The decrease in infectivity of the buffer control was not 
as great as was seen in the previous two experiments. 
Tests on nature of inactivating factor 
The bentonite-treated PPO was highly active as evi¬ 
denced by its ability to oxidize a 2.5 X 10-3 m solution 
of catechol in 30 seconds (Fig, 13. Also, compare with 
Fig. 1). 
As was the case in previous experiments, a solution 
of active polyphenoloxidase proved to be highly inhibitory 
and caused a 66.9% reduction in infectivity of CCMV-RNA 
(Table 13 and Fig, 14). Solutions of boiled BSA, BSA, and 
boiled PPO did not significantly reduce the infectivity of 
the RNA when compared to the buffer control. The bentonite- 
treated PPO treatment, which was still highly infectious 
when compared to the active PPO treatment, caused an almost 
50%> reduction in the infectivity of RNA. 
Test for ribonuclease 
As expected, the supernatant from the tubes in which 
RNA and RNase had been brought together, before treatment 
with TCA, contained acid-soluble nucleotides that gave an 
optical density of 0.425 at 260 nm. On the other hand, in 
the supernatant of the tubes in which PPO rather than RNase 
was added to RNA, again before treatment with TCA, only 
traces of acid-soluble nucleotides were present giving an 
optical density of 0.028 at 260 nm. 
64 
Figure 13. Changes in optical density of a solution of 
2.5 X 10“3 M catechol indicating the progress 
of its oxidation upon exposure to bentonite- 
treated polyphenoloxidase. 
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Figure 14. Infectivity changes in CCMV-RNA exposed to 
polyphenoloxidase, boiled polyphenoloxidase 
bovine serum albumin, boiled bovine serum 
albumin, and bentonite-treated polyphenolox 
idase for 20 min at 23°C. 
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Alternative enzyme systems 
Glucose (5 X did not significantly reduce 
the infectivity of the RNA as compared to the buffer control 
(Table 14). Glucose oxidase alone caused a drastic re¬ 
duction (99.4#) in the infectivity of the RNA. When sub¬ 
strate for the enzyme was added, infectivity was reduced 
to zero. Catalase added to the oxidative system afforded 
only a very slight degree of protection. Catalase alone 
reduced the infectivity of the RNA by 6l# as compared to 
the buffer control. 
Galactose (5 X 10-3M), like glucose, only slightly 
reduced the infectivity of CCMV-RNA (4.8# reduction). A 
total loss of infectivity occured whenever the RNA was 
exposed to a treatment containing galactose oxidase (Table 
15). Catalase alone caused a reduction in infectivity of 
80.4# as compared to the buffer control. 
CCMV-RNA was completely inactivated whenever it was 
exposed to a treatment involving trypsin (Table 16). RNA 
infectivity was reduced by 39$ when it was exposed to BSA 
alone. 
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DISCUSSION 
Nearly all treatments reported herein caused re¬ 
ductions in the infectivity of CCMV-RNA. Infectivity was 
reduced not only by oxidized DOPA, chlorogenic acid, and 
catechol, but also by the unoxidized phenolic compounds, 
polyphenoloxidase, bentonite-treated polyphenoloxidase, 
and all alternative enzyme systems tested. Infectivity 
of the RNA dissolved in buffer also decreased with time. 
The latter decrease in infectivity was probably due to sin 
inherent instability of the RNA or, possibly, to traces of 
ribonucleases present in the RNA preparation or in the 
buffer. 
Since the incubation temperature of the RNA was 
very important in determining the amount of inactivation, 
it appears that the inactivation of CCMV-RNA is due to the 
effects of a dynamic chemical process. Because the rate 
of many chemical reactions increases with temperature, the 
greater inhibition of infectivity of the RNA at the higher 
temperatures may be due to the increased reactivity of the 
compounds involved in the individual treatments. 
Inactivation of the RNA was time dependent. The longer 
the. RNA was exposed to the various treatments, the lower 
became its infectivity. This again suggests that inactivation 
of the RNA is a dynamic process. Certain treatments were 
much more effective than others in causing inactivation of 
the RNA in a given time period. This is probably the result 
74 
of the differential reactivities of the components of the 
reaction mixtures. Apparently the reason that the oxidized 
phenolic treatment almost always had a more deleterious 
effect on the infectivity of the RNA than either the un¬ 
oxidized phenolic or the enzyme treatments is due to the 
greater reactivity of the oxidized phenolic produced in the 
enzymatic oxidation. 
The mechanism by which unoxidized phenolic compounds 
caused reduction in the infectivity of RNA is unclear. This 
might simply be due, as seemed to be the case with tannic 
acid and TMV-RNA (Cheo and Lindner, 1964), to reactions 
between RNA and the unoxidized phenolic compounds. An 
alternative explanation is that autoxidation of the phenolics 
occurred during exposure to the RNA, and these, having greater 
reactivity than the reduced phenols (Mason, 1955)» reacted 
with the RNA and caused a reduction in infectivity. 
The mechanism by which commercial PPO inactivated 
CCMV-RNA is even less clear. One would not expect that RNA 
could be utilized as a substrate by the enzyme, since nucleic 
acids are not closely related in structure to polyphenols. 
The possibility remains that the enzyme preparation might 
have been contaminated with ribonuclease. However, in a 
separate experiment little or no ribonuclease activity could 
be detected in the polyphenoloxidase. If there is no RNase 
activity in the PPO, then it is difficult to explain why 
treating PPO with bentonite should decrease the inactivating 
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effect of PPO. Perhaps the bentonite adsorbed a heat 
labile factor present in the PPO which was capable of in¬ 
activating the RNA without causing its hydrolysis. 
It would seem possible that a non-specific attrac¬ 
tion between CCMV-RNA and the PPO protein is responsible 
for the inactivation of the RNA. But the fact that bovine 
serum albumin, used at the same concentration as the enzyme, 
had no effect on the RNA, argues against the possibility 
that inactivation could be caused by a non-specific binding 
of protein to RNA. 
On the other hand, since the development of local 
lesions is the result of a complex series of biochemical 
reactions (Weintraub and Ragetli, 1964), it is perhaps 
not the effect of PPO on the RNA per se which is respon¬ 
sible for the low number of local lesions, but rather the 
application of active PPO to the leaf surface. The presence 
of a highly reactive, oxidative enzyme on the leaf surface 
may be sufficient to upset the metabolism of the plant cells 
to such an extent that the expected development of local 
lesions upon exposure to CCMV-RNA does not occur. 
The four enzymes employed in the alternative enzyme 
experiments all caused drastic reductions in RNA infectivity. 
Glucose oxidase, galactose oxidase, and trypsin all caused 
total or near total loss of infectivity, while catalase re¬ 
duced infectivity by 80$. The possibility that the RNA might 
be acting as a substrate for these enzymes seems remote not 
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only because they are highly specific but also because the 
modes of attack of these enzymes differ, being oxidative 
in the case of glucose and galactose oxidase, and hydrolytic 
in the case of trypsin. Of course, the possibility exists 
that all the enzymes contained ribonucleases, and if so 
further purification procedures are needed. Alternatively, 
since CCMV-RNA is normally surrounded by protein, it is 
possible that a non-specific adsorption of RNA to protein 
might be responsible for the decrease in infectivity. Again, 
however, it is difficult to explain the lack of RNA in¬ 
activation by BSA at low concentrations (0.2 mg/ml), by 
boiled BSA, and boiled PPO treatments if one is to accept 
this explanation. Perhaps the most plausible explanation 
for the observed low number of lesions when CCMV-RNA is 
exposed to the various enzyme treatments is that the enzymes 
are not acting on the RNA but on the host plant cells, and 
thus in some manner rendering the cells incapable of mani¬ 
festing the usual hypersensitive necrotic reaction. 
The oxidation of phenolic compounds in the presence 
of CCMV-RNA almost always caused a greater decrease in in¬ 
fectivity of the RNA than did treating the RNA v/ith unox¬ 
idized phenolics or with polyphenoloxidase. Since both of 
the latter treatments caused reductions in the infectivity 
of RNA, it might be argued that the greater reduction in 
infectivity manifested by the oxidized phenolic treatment 
was the collective effect of the two treatments acting 
separately, and was not the effect of the auinone produced. 
However, there is evidence (Wood and Ingraham, 1965) that 
the active sites on the polyphenoloxidase enzyme are them¬ 
selves inactivated during the oxidation. If polyphenol¬ 
oxidase, then, was acting enzymatically upon RNA in the 
RNA-enzyme treatments and thus inactivated it, this in¬ 
activation would not be expected to occur to as great an 
extent when phenolic substrate was added, since the enzyme 
itself would be inactivated during the reaction. The fact 
that the phenolic compounds are themselves oxidized in 
seconds when PPO is present would seem to preclude the 
possibility that the unoxidized phenolic compounds could 
be contributing to the reduction in infectivity of RNA in 
the oxidized phenolic treatment. It is concluded, therefore 
that the oxidized phenolic compounds per se cause a greater 
decrease in the infectivity of CCMV-RNA than do either poly¬ 
phenoloxidase or the unoxidized phenols. This conclusion 
is supported by the fact that in almost every experiment 
reported herein, the oxidized phenolic treatment caused a 
greater reduction in infectivity of the RNA than did either 
the unoxidized phenolic treatment or the PPO treatment and 
that in no case did either unoxidized phenols or polyphenol¬ 
oxidase cause a significantly greater reduction in the in¬ 
fectivity of RNA than the oxidized phenolic treatment. 
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SUMMARY 
Cowpea chlorotic mottle virus (CCMV) was purified from 
infected cowpea plants and its ribonucleic acid (RNA) iso¬ 
lated in a highly infectious state. The infectivity of the 
RNA was determined by local lesion assays on soybean half- 
leaves. 
CCMV-RNA was treated with solutions of enzymatically 
oxidized L-dihydroxyphenylalanine (L-DOPA), chlorogenic acid, 
and catechol, as well as the unoxidized phenolic compounds 
and polyphenoloxidase (PPO), and the effect of these treat¬ 
ments on the infectivity of CCMV-RNA was studied. Experi¬ 
ments were carried out at 0°C, 23°C, and 35°C, and inocul¬ 
ations were performed at 0, 15» 30, and 60 minutes after pre¬ 
paration of the solutions. In all treatments, RNA infect¬ 
ivity decreased both with increasing temperature and with 
increasing time. The oxidized phenolic treatment reduced 
infectivity more than either the unoxidized phenolic treat¬ 
ment or the PPO treatment. Oxidized chlorogenic acid was 
more effective than either oxidized DOPA or oxidized catechol 
in decreasing RNA infectivity. 
Treatment of PPO with bentonite decreased the inacti¬ 
vating effect of PPO on CCMV-RNA, but a test for acid sol¬ 
uble nucleotides demonstrated that when PPO and RNA were 
incubated together for 12 hr at 23°C the ribonuclease acti¬ 
vity of the PPO was very low. 
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Three alternative enzyme systems were also studied 
for possible effects on RNA infectivity. The enzymes used 
for these experiments were glucose oxidase and galactose 
oxidase, both oxidative enzymes, and trypsin, an enzyme 
which acts hydrolytically. It was found that all three 
enzymes, used at the same concentration as PPO in previous 
experiments, decreased RNA infectivity by nearly 100$, 
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